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© Headspace sampling system. 



© Methods and apparatus for collecting gasses 
fronr thersampte headspace^ (52) of a sealed sample - 
container (50) are disclosed. The gasses in the sam- 
ple headspace (52) are withdrawn by inserting a 
probe (110) into the sample headspace (52) and 
permitting the gasses to flow into an external head- 
space (102). The probe (110) is then disconnected 
from the sample to seal the external headspace 
<^ (102) and the external headspace (102) is then con- 
^ nected to the analytical instrument such as a gas 
qq chromatograph (210) to permit the sample gasses to 
IS be tFBnsferred^out^ of 1 the external headspace (102) 
^ an into the instrument (210). The step of transferring 
CO the gasses is preferably accomplished by connect- 
If) ing a source of carrier gas (200) to an inlet port 
O ( 103 ) ^ 010 externa! headspace (102) and sweeping 
the sample gasses from the external headspace 
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The present invention relates to gas 
chromatography and, more specifically, to methods 
and apparatus for withdrawing a sample of gas . 
from a sample container. 

Background of the Invention 

Gas chromatography is an analytical technique 
for both qualitative and quantitative analysis of sol- 
id, liquid and .gaseous mixtures. This technique is w 
important in both .laboratory and industrial^settings 
since i^permits, the components present in a sam- 
ple to be analyzed. There are numerous ways in. i-si > 
which .samples fpr chromatographic analysis may:. 
be obtained. One technique, known as: headspacoi is 
sampling^ iprovides gaseous phases samples from > 
either liquids or solids that are sealed in a . sample 
container. Typically, the sample container that 
holds the samples is hermetically sealed inside a 
chamber and heated or cooled to a predetermined 20 
temperature. Under suitable conditions, material 
contained or dissolved in the sample will form a 
gaseous phase sample. As used herein, the term 
"headspace" refers to that portion of the sealed 
sample container that is not occupied by the solid 25 
or liquid sample, however,, the headspace .may be 
occupied by other gasses that are displaced ! or 
mixed with the sample gasses after equilibration; of 
the sample begins. Thus, for one example, if car- 
bonated water in a sealed container is heated* 30 
carbon dioxide will leave the water and occupy the 
headspace above the liquid remaining in the par- 
tially filled container. .However, in certain instances 
where the sample container is completely filled, the 
"headspace" will :exist in a cJosed region Outside 35 
the sample container. r - > •< ^i 

Components of the headspace sample gasses r o 
are in dynamic equilibrium with solid and/or, liquid 
phase of the sample remaining in the container.; 
That is to say that molecules of each gaseous. > . 40 
component are continuously redissolved ■> at the/: 
same rate as identical molecules are volatilized 
from the sample. This equilibrium is maintained ; 
only if the concentration of headspace components, 
as well as other conditions such as temperature* 45 
and pressure, remain constant. In standard tech-: 
niques, a portion of the equilibrated headspace is 
removed, thereby reducing the concentration of 
volatilized components and disturbing the equilib- 
rium. The effect is that while the headspace region so 
is being sampled, additional volatile components , 
may enter the region. Since not all components of 
the sample volatilize at the same rate, the collected 
sample will be enriched with certain more volatile 
components and the analysis will yield incorrect: 55 
results. This is und sirable, since the goal of head- 
space sampling is to remov an aliquot of sample 
without disturbing the relative concentrations of the 



various components. 

In prior art headspace sampling systems the 
sample vessels are typically sealed by a dia- 
phragm or septum, although other types of seals 
are also known. A probe pierces the septum to 
provide a flow of sample gas from the sample 
headspace to? the entrance of a separating column* 
of gas rchromatograph, the iflow.^ of sample gas 
being controlled by* a; valve. The entrance to the 
. separating column is also ^connected via a- valve to 
a source of: carrier gas 1 ; :For fexam pte^ in the sy ste m 
disclosed in U:S: Patent No, 4,464\940 ~ Pospisil 
the carrier gas is* first pumped into the headspace 
to create an increased; pressure, a valve discon- 
nects, the carrier gas and connects the probe with 
the separating column, thereby allowing carrier gas 
plus sample vapor to- flow* into the separating col- 
umn, i.e., from a higher pressure to a lower pres- 
sure: However, in this and other headspace tech- 
niques currently in use, the headspace is signifi- 
cantly. disturbed;- by the increased pressure caus- 
ed by direct introduction of a carrier gas or other- 
wise -- and therefore, as explained above, the 
sample injected into the separating column is not 
exactly the same as that which existed in the 
undisturbed headspace. The disturbance or distor- 
tion of the headspace occurs either during pres- 
surization of the sample container or upon with- 
drawal through' the probe piercing the septum. 

Conventional headspace techniques therefore 
rely upon the headspace sample equilibrating at a 
relatively high pressure then being sampled by 
expanding into a sample loop or directly into the 
head of a column. In either case, the actual head- 
space gasses: are diluted by expansion to a larger 
volume. It would therefore be desirable to provide a 
headspace sample . at lower or equal pressure to 
the inlet of van analytical instrument. In such a 
system no expansion would occur ; in the process of 
.isolating the gaseous headspace sample from the 
original sample.- :io • ; : 

It would also be desirable to sample .gaseous 
phase samples • from the headspace of a sealed 
sample container without distorting or disturbing 
the composition of the gasses from the sample. 
Thus, it is an object of the present invention to 
provide methods and apparatus for transferring a 
gaseous sample from a sealed sample container to 
an analytical instrument without injecting a carrier 
gas into the sample container. \W~ S 

Summary fthelnventl n 

Accordingly, It has now b en found that gasses 
in a sampl container can be transferred to an 
analytical instrument by providing an xtemal 
headspace that may be selectively connected to 
the samDle container and then disconnected and 
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isolated to permit the gasses that have been trans- 
ferred into the external headspace to be transferred 
to an analytical instrument such as a gas chromato- 
graph. 

The present invention provides apparatus for 
collecting gasses from a sample contained in a 
sealed sample container that comprises an external 
headspace that is selectively connectable with the 
sample container. In certain embodiments a probe 
may be provided that connects the sample con- 
tainer to the external headspace in a sealed man- 
ner and in those embodiments where a septum is 
pierced by the probe, a shuttle valve preferably 
controls the flow of gasses through the probe. In 
such embodiments the shuttle valve is preferably 
disposed coaxially with the probe and adapted to 
be moved along the axial portion of the probe by 
the motion of the sample container. Thus, when the 
probe pierces the sample container, gas is permit- 
ted to flow from the sample container through the 
probe and into the external headspace. When the 
sample is removed, the shuttle valve acts to seal 
the probe and prevent the escape of gasses from 
the external headspace. 

The present invention also includes a means 
for isolating the external headspace from the sam- 
ple container. This may be accomplished, for ex- 
ample, by a switching valve provided for transfer- 
ring the gaseous sample from the external head- 
space to an outlet port provided for this purpose, in 
a preferred embodiment of the present invention, 
the outlet port is connected to a gas chromatcg- 
raph. Preferably, the switching valve is also con- . . 
nected to a source of carrier gas and to an inlet 
port provided on the external headspace so that 
when the switching valve is correctly positioned, 
carrier gas flows through the inlet port and sweeps 
the gasses contained in the external headspace 
through the cutlet port and into an analytical instru- 
ment.. In certain preferred embodiments, ol the 
present invention, the shape of the external head- 
space is optimized by providing a curved hollow 
portion which extends between the inlet port and 
the outlet port and also permits gas flow from the 
probe into the curved external headspace. 

In certain embodiments of the present inven- 
tion, improved transfer of gaseous constituents 
from the sample can be accelerated by vibrating 
and/or agitating the sample. Thus, certain embodi- 
ments of the present invention provide, an ultra- 
sonic vibrator for inducing localized ultrasonic vi- 
brations in the sample container. Additionally, the 
time required for the gaseous sample to disperse 
throughout the headspace can be reduced by pro- 
viding the tfernal headspace with a fl xible por- 
tion and, a vibrator for vibrating this fl xible portion 
to agitate the gasses in the sampl headspace by 
agitating the external headspace. In another em- 



bodiment of the present invention, a stop is pro- 
vided which urges against the septum or other seal 
and a vibrating means is provided to induce vibra- 
tion between the sample container and the stop, 
s thus agitating the gasses in the headspace by the 
motion of the septum or other sealing means. 

In any of these embodiments, the apparatus of 
the present invention also preferably further com- 
prises apparatus for creating one or more tempera- 
io ture controlled zones within the apparatus. 

The present invention also discloses methods 
for collecting gasses from the headspace of a 
sample contained in a sample container. First, a 
substantially constant volume external headspace^ 
75 is connected to a sample container, and gasses 
contained int he sample container are pentlitted to 
flow into the external headspace. The external 
headspace is then isolated from the sample con- 
tainer and the gasses within the external head- 
20 space are transferred. In a preferred embodiment, 
the methods comprise the steps of inserting a 
probe into the sample container in a sealed manner 
and opening a valve to connect the sample head- 
space to an external headspace. Sample gasses 
25 are then permitted to flow from the sample head- 
space into the external headspace. The valve is 
then closed and a switching valve is opened to 
connect the external headspace to an outlet port 
thereby permitting the transfer of gasses from with- 
30 in the external headspace to an analytical instru- * 
ment 

Brief Description of the Drawings 

35 FJG. 1 is a partial cross-sectional elevation view 
of the headspace sampling apparatus of the 
present, invention illustrating the withdrawal of a 
gaseous sample: 

FIG. 2 is a view similar to FIG. 1, illustrating the 
40 avacuatioaof the .external headspace. made, in ac- 
cordance with the present invention. 

FiG. 3 illustrates an alternate embodiment of 
the external headspace of the present invention. 
FIG. 4 depicts an alternate embodiment of the 
45 external, headspace of the present invention that 
can be. agitated to improve uniform dispersion of 
the gaseous sample. 

FIG. 5 illustrates an alternate embodiment of a 
portion of the headspace sampling apparatus of the 
so present inv ntion depicting agitation of thp samR! 
headspace to accelerate the formation of gasses 
from the sample. 



Detailed Description of th Pr eferred Embodi- 
es merits" "~ '. ~~- - — : 



Referring now to FIG. 1, there is illustrated an 
ext mal headspace device 100 that enables the 
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gasses in the headspace 52 of a sample container 
50 to be withdrawn and injected into an analytical 
instrument such as a gas chromatograph 210 with- 
out significant disturbance to its composition, FIG. 
1 illustrates the apparatus 100 during the step , of .m. s 
inserting the probe 110 through the septum 54 or 
other sealing means that seals the sample con- 
tainer 50, and into the sample headspace- 52. In ; 
other embodiments sample containers other than ; 
those sealed using a septum may be employed, , ,io 
thus, means other the probe 110 described . will (be 
provided to permit, sample gas to be released from 
the sample, container. As shown by the arrow; tha- or 
entire sample container 50 is preferably; moved , v 
upward into a temperature controlled zone 120> until •= 75 
the probe 110 has pierced the septum 54 and the ;:■ 
sample container 50 has also engaged and opened, 
a shuttle valve 130, the operation of which is ^ex- 
plained in further detail below. The construction 
and operation of the temperature controlled zone , 20 
120 will depend upon the volatility of the gasses in 
the sample and other factors. The determination of 
the parameters of the temperature controlled zone 
120, as well as its construction and operation, are 
well known to those of ordinary skill in the art. ; » 25 

In a preferred embodiment of the present in- 
vention, an external headspace 102 is directly con- - 
nected to the sample headspace 52 by the probe 
110. The passage of the gasses from the sample 
headspace 52 into the external headspace 102. is ; ; 30 
most preferably regulated by a shuttle valve 130. 
The shuttle valve 130 is most preferably constructs >: -U 
ed such that when the sample container . 50 is > . o 
urged upwardly into the probe 110, the: same up- t.v 
ward motion displaces the shuttle valve; 530 and ; 35 
admits the gasses in the headspace 52 through the r ; 
probe, and into the external; headspace 1.02. ^ Jhe ^: / 
shuttle valve 130 is thus preferably coaxiallyr die-^ 
posed around the probe 110. As seen by compare : 
ing FIG. 1, and FIG, 2, the shuttle valve\ :130 is , .40 
moved along a portion of the axial length of the . 
probe 110 by engagement with the sample ;con-; 
tainer 50. Preferably, a spring 132, visible in FIG. 2, r 
biases the shuttle valve 130 against the motion of 
the sample container 50. As also shown in FIGv 2, ; 45 
the probe 110 is preferably constructed to have an ( { v : 
axial hollow portion 110 extending from the proxk; 
mal end, near the external headspace 102,. to a , 
point near the distal end that is less than its overall 
length. T\\e axial hollow portion 112 is thus a blind 50 
hole. However, in a preferred embodiment, .a side > 
passage 114 is disposed substantially perpendicut - r 
lar to the axial hollow portion 112. As seen in FIG. 
1, when th sample container 50 moves th shuttle 
valve 130 along th axial length of the probe 110,' 0. 55 
the side passage.114 is opened and permits gas? > 
ses to flow betw en th sample h adspace 52 and' 
the external hearisnar** 10? via the nrnhA 110 r As 



shown in FIG. 2, when the sample container is 
removed, the shuttle valve 130 covers the side 
passage 114, effectively sealing the flow of gas 
through the probe 110 into or out of the external 
headspace 102. In other embodiments, the shuttle 
valve 130. can be replaced by other types of valves^ 
and piping: junctions twhile^ still; achieving the same* 

effect..:. i v* r< tr:> vr r • 

The extecnal-headspace 1 02 is most preferably 
also .temperature. controlled, torthe same tempera- 
ture >as^he temperature: controlled zone, 120 sur- 
rounding the sampJS: container; 50. 1 Thus,, upon the. 
puncturing of the septum 52 by the probe r 110 and 
opening ;Of the, shuttle; valve 130, the gasses in . the 
.headspace 52-ftow. into the external headspace 102 
until equilibrium preached; The flow of gasses 
from the external headspace 1 02 is preferably reg- 
ulated by the position of the four port switching 
valve 104 that isi preferably disposed between the 
external headspace sampling device 100 of the 
present invention and a- source of carrier gas 200 
and a gas chromatograph 210 or other analytical 
instrument.' Of course, as readily understood by 
those of ordinary skill, there are numerous other 
types- of valves and piping arrangements .that can 
be used in place of the four port switching valve 
104 to effect the same flow path and achieve the 
same result. 

The transfer- of the sample gasses from the 
sample headspace 52 is illustrated in FIG. 2. As 
shown* the sample container 50 has been lowered 
from engagement, with the probe 110 and shuttle 
valve 430, i.e.„ U is withdrawn from the temperature 
controlled- zone 120. As explained above, the dis- 
engagement; of the sample container 50 from the 
shuttle valve .130 results in the probe 110 being 
sealed to prevent the escape of the sample gasses 
within the external; headspace 102. After the sam- 
ple container 50 has been removed, the four port 
switching valve, 1 04 is switched to an injection 
position.; As .shown by :the arrows in FIG. 2, in the 
injection: position the sou/ce of carrier gas 200 is 
connected to the external headspace 102 at an 
inlet port 103, permitting carrier gas to flow into the 
external headspace 102 and mix with the sample 
gasses therein. Another port on; the switching valve 
104 provides a connection between the external 
headspace 102 and a gas chromatograph* 2X0, or 
other analytical instrument at an outlet port 105. 
Thus./catfier gas flows into the external headspace 
102 and sweeps the sample gasses therein out of 
the external headspace and into the; gas chromato- 
graph 210 or other , instrument. It will be, appre- 
ciated that the operation of the present Invention 
thus permits th gasses from a sample to be 
transferred from , the . sample container 50 to an 
analytical instrument such as a gas chromatograph 

910 withniit significant, ' Histnrhan™ «n nndiiA 
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pressurization, within the sample container 50/ 

Referring now to FIG. 3, there is illustrated a 
view similar to that of FIG. 2 except that an al- 
ternate form of the external headspace 102 is 
shown. In this embodiment, the external headspace 
102 has a curved shape between the inlet port 103 
for the carrier gas and the outlet port 105 connect- 
ing the external headspace 102 to the four port 
switching valve 104. The curved portion also inter- 
sects the probe 110 to permit admission of gasses 
from the sample headspace 52 during the transfer 
step illustrated in FIG. 1 and discussed above, fn 
this embodiment, the external headspace 102 is 
essentially in a form that eliminates unswept areas 
and creates a vortex that causes substantially all 
the gasses in the external headspace chamber 102 
to be efficiently swept into the gas chromatograph 
210. As will be readily appreciated by those of 
ordinary skill, a "curved" shape may be a toroidal 
or other annular segment and may describe either 
an arc segment or a hyperbola or other shape. The 
design and construction of a curved external head- 
space requires consideration of both the nature of 
the sample gasses and the pressure and flow rate 
of the carrier gas, along with other factors as would 
be realized by those of ordinary skill. 

Thus, the embodiments of the present inven- 
tion illustrated in FIGS. 1-3 provide a system for 
creating a gaseous sample without pressurizing the 
sample container 50. The sample headspace 52 
within the sampie container 50 is not unduly dis- 
turbed or diluted. The system of the present inven- 
tion is thus inherently more sensitive than those 
found in the prior art. Additionally, the system of 
the present invention injects a constant volume of 
sample gas into a chromatograph or other instru- 
ment, creating results that are more reproducible 
than the headspace sampling methods used in the 
prior art. 

Further., embodiments, of the headspace. sam- 
pling system of the present invention are illustrated 
in FIGS. 4-5. In the embodiments described above 
in relation to FIGS. 1-3, the gasses diffused from 
the sample headspace 52 into the external head- 
space 102 via the probe 110 that punctured the 
septum 52 sealing the sample container 50. How- 
ever, to accelerate the formation of gasses from 
the sample, the sample can be gently agitated or 
mixed to provide for example, fresh bulk liquids at 
the gas/liquid interface. The degree of agitation or 
mixing used In these embodiments of the present 
invention is of a lesser degree and kind than that 
found in the prior art pressurized headspace sam- 
pling systems discussed above. In particular, the 
present invention does not contemplate significant- 
ly increasing the pressure within the sample con- 
tainer 50. Agitation in accordance with the present 
inv ntion can be accomplished, for example, using 



an ultrasound sonication device that imparts ultra- 
sonic vibrations to the sample container 50. The 
application of ultrasound to the sample will in- 
crease the rate of outgassing of the gaseous com- 
5 ponents from the sample to the sample headspace 
52. This will result in acceleration to equilibrium 
between the liquid or solid phase of the sample 
and the gaseous phases since the application of 
ultrasound increases cavitation inside the sample. 
70 As a further advantage, the use of such ultrasonic 
agitation may in some instances eliminate the need 
for higher temperatures in the thermally controlled 
zone 120 discussed above. Those of ordinary skill 
will be familiar with the methods and apparatus 
75 useful for imparting localized ultrasonic vibrations 
upon the sampie container 50. 

A further enhancement useful in certain em- 
bodiments of the present invention is illustrated in 
FIG. 4. In these embodiments, the external head- 
20 space 302 itself is agitated to accelerate the ex- 
change of gasses between the sample headspace 
52 and the external headspace 302. As shown, a 
variable volume external headspace chamber 302 
having a flexible portion 303 is provided. By mov- 
25 ing the flexible portion 303 of the external head- 
space 302 using a vibrator 304, the volume of the 
external headspace 302 is varied slightly, agitating 
the gasses in the sample headspace 52. It should 
be noted, however, that the average volume of the 
so external headspace 302 remains constant, and 
therefore the advantages of the present invention 
. discussed above with reference to FIGS. 1-3 con- 
cerning pressurization would still obtain. As seen in 
FIG. 5, a stop 56 may be affixed to a portion of the 
35 externa! headspace apparatus 100 for deflecting 
the septum 54 of the sample container 50. The 
volume of ths sample headspace 52 is varied by 
moving the sampie container relative to the stop 
56. As shown in phantom, the septum 54 will be 
40 def lectad and. vary, the volume, of ..the. sample head- . 
space 52. in either of the embodiments of FIGS. 4- 
5, the motion imparted to the septum 54 can be a 
low frequency movement or can be ultrasonically 
induced. - 

45 In any of the above-described embodiments of 

the present invention, the simple pneumatics asso- 
ciated with the present invention also . permit 
pyrolysis applications. Pyrolysis is similar to head- 
space sampling, except that the temperature in the 

so temperature cpntrpii d.zone 120 is on the order of 
300 C, as opposed to conventional elevated tem- 
perature processes which typically occur at about 
100 C. 

The present invention also discloses methods 
55 of collecting gasses from a sample headspace 52 
of a sample contained in a partially filled, sealed * 
sample container, most preferably comprising the 
steps of inserting a probe 110 through a septum 54 
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or other means used to seal the sample container 
and opening a valve 130 to connect the sample 
headspace 52 to an external headspace 102. Gas- 
ses are then permitted to flow from the sample 
headspace 52 into the external headspace 102. 
The valve 130 is then closed and a switching valve 
104 opened to connect the external headspace 102 
to an outlet port 105 to permit the transfer of 
gasses from the external headspace 102. 

In certain embodiments of the methods of the 
present invention the step of inserting the probe 
110 preferably comprises moving the sample con- 
tainer 50 against the probe 110. In other embodi- 
ments, the step of opening the valve 130 preferably 
comprises the step of moving the sample container 
50 relative to the probe 110. In certain embodi- 
ments of the present invention, the further step of 
permitting gasses to flow comprises the step of 
agitating the sample. This step may be accom- 
plished for example, by vibrating the sample con- 
tainer 50 or moving the sample container 50 rela- 
tive to the probe 110 and against a stop 56, where- 
by a septum 54 covering the opening of the sam- 
ple container 50 is deflected. Also, an external 
headspace 302 may be constructed to comprise a 
flexible portion 303 wherein and the additional step 
of agitating the sample headspace may be per- 
formed by vibrating the flexible portion 303 of the 
external headspace 302 to increase the rate of gas 
transfer between the sample and the external head- 
space. In certain embodiments of the present in- 
vention, the step of closing the valve 130 com- 
prises moving the sample container 50 relative to 
the probe 110. Finally, in certain preferred embodi- 
ments of the methods of the present invention, the 
step of transferring gasses from the external head- 
space 102 comprises the step of flowing a carrier 
gas through an inlet port 103 connected to the 
xternal headspace 102, whereby the gasses in the 
external headspace 102 are swept through the out- 
let port 105. 

Although certain embodiments of the present 
invention have been set forth and discussed above 
with particularity, these embodiments are exem- 
plary and not meant to limit the scope of the 
present invention. Upon review of the specification 
and drawings, those of ordinary skill will imme- 
diately realize that numerous modifications, adapta- 
tions and variations of the present invention are 
possible. Accordingly, reference, should be made to 
the appended claims in order to ascertain the 
scope of the present invention. 

Claims 

1. Apparatus for coll cting gass s from a sample 
in a sealed container (50) comprising: 

a substantially constant volume external 



headspace (102) selectively connectable with 
the sample container (50) characterized by 
providing; 

a means (130) for isolating the external 
5 headspace (102) from the sample container 

(150); and 

• a means (104) for transferring the external* 
headspace< J (102) contents for further process- 
ing- *»■" 

2. The apparatus of claim 1 , wherein the means 
for isolating the external headspace comprises 
a first valve (130) disposed between the con- 
tainer and the external headspace. 

15 : 

3. The apparatus of claim 1 , wherein the means 
for transferring the external headspace con- 
tents comprises a second valve (104) disposed 
between an outlet port from the external head- 

20 space and an inlet to a means for processing 

gas (210). 

4. The apparatus of claim 3, wherein the means 
for processing a gas comprises a gas 

25 chromatograph (210). 

5. The apparatus of claim 3, wherein the second 
valve is a switching valve (104) connected to a 
source of carrier gas (200) and the external 

30 headspace (102) further comprises an inlet 
port (103) whereby carrier gas can selectively 
flow through the inlet port (103) and sweep the 
gasses in the external headspace (102) 
through the outlet port (105). 

35 

6. The apparatus of claim 2, wherein the first 
valve is a shuttle valve (130) adapted to en- 
gage a portion of the sample container (50) 
and is operated by the relative motion of the 

40 sample, container (50). 

7. The apparatus of claim 6 wherein a probe 
(114) having a longitudinal axis is part of the 
shuttle valve (130) that is disposed coaxially 

45 with the longitudinal axis and is operated by 
being displaced along the longitudinal axis. 

a The apparatus of claim 5 wherein the external 
headspace (102) is described by a curved 
50 hollow portion extending between, thp inlet port 
(103) and the outlet port (105), the curved 
portion being connected to the probe (114) 
whereby gasses can flow through the probe 
into the external headspace (102). 

65 

9. The apparatus of claim 1, further comprising 
an ultrasonic vibrator (304) for inducing lo- 
calized ultrasonic vibrations in the samole con- 
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tainer (50), whereby the rate of outgassing of 
the sample is increased. 

10. The apparatus of claim 1, wherein at least a 
portion (54) of the external headspace (102) is 
flexible, and further comprises vibrator means 
for vibrating the flexible portion (54), whereby 
the dispersion of sample gasses between the 
sample headspace (52) and the external head- 
space (102) is accelerated. 
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